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understanding of the interconnections between human health and the
natural environment has increased rapidly in recent decades. The bur-
den of disease from environmental risk factors is significant – from air
pollution and water pollution to the impacts of UV radiation on skin
cancer. Unhealthy environments cause just under 1 in 4 deaths globally
(Prüss-Ustün et al., 2016). Beyond these proximal pathways to environ-
ment and health, recent work has focused attention on the distal path-
ways – affecting health through impacts on ecosystems (Reis et al.,
2015). Contact with nature and ecosystem services (ES) have been
shown to contribute to improved immune system functioning, mood
and concentration, while reducing stress and increasing the benefits of
physical exercise, with consequent expected reductions in the occur-
rence of non-communicable diseases (NCDs). ES capture all goods and
services provided directly or indirectly by the natural environment
(Millennium Ecosystem Assessment, 2005).
Impacts on health, such as heart disease, diabetes, cancer, and
chronic respiratory illnesses, are now a global health epidemic. N36mil-
lion people died in 2008 from NCDs, and the impact is projected to in-
crease to 44 million by 2020, with higher vulnerability in urban areas
and among economically disadvantaged groups (WHO, 2011). Health
impacts have a direct and indirect effects over the economy. Society
can suffer from the loss of working hours and productivity, increases
in sanitary costs, aswell as intangible impacts (loss of quality of life, dis-
comfort and pain) that should be added to the non-market costs of
disease.
The impact of climate change on ecosystems includes a range of im-
pacts that may have an effect on health – from changes in water avail-
ability in rivers to changes in biodiversity and vector borne diseases.
Green spaces will probably be impacted by climate change in a number
of ways – with consequent effects on human health.
Adaptation to climate change is also expected to have an impact on
green space provision. There is increasing attention on the role of “na-
ture-based solutions” to respond to the threat of climate change.
These solutions will have consequences for human health. Such mea-
sures are often classified under the Ecosystem-based Adaptation term
(EbA) (Vignola et al., 2009). These strategies cover a wide range of ac-
tions, aimed at a broad scope of impacts. The use of green spaces in
order to increase urban permeability is one of the clear examples. An-
other frequently mentioned potential benefit is the reduction of the
Urban Heat Island effect (or UHI, i.e. the excess temperature caused by
urban heat retention) (Doick et al., 2014). Both increased flood risk
and augmented temperatures are expected impacts of climate change.
This paper aims to synthesise the existing literature on the nexus be-
tween climate change and adaptation, green spaces, and human health
and to bring together a conceptual framework to enable the identifica-
tion of the impacts on health of changes in green spaces as a result of cli-
mate change and adaptation measures.
Conceptual frameworks have previously been applied in contexts
such as the impact of changes in the water environment on health –
and used as a way of identifying potential responses. This is the case
of works such as that performed by Gentry-Shields and Bartram
(2014), who took the Driving force-Pressure-State-Exposure-Effect-
Action (DPSEEA) as the starting point in creating their framework.
DPSEEA was designed by theWHO as a framework to develop environ-
ment health indicators (Kjellström and Corvalán, 1995). The modified
DPSEEA extended this framework to explicitly consider the impact
that context has on the environment-health relationship (Morris et al.,
2006). A more recent model, the ecosystems-enriched DPSEEA con-
siders the impacts that changes in ecosystems and associated ecosystem
services can have on health (Reis et al., 2015). This paper builds on
eDPSEEA as a first step towards a holistic perspective on health, climate
change and green spaces thatwill give a better understanding of the fac-
tors that influence health outcomes in this context. The resultingframework may facilitate interdisciplinary communication in research
in establishing the main aspects influencing the relation between EbA
and wellbeing.
The paper is organized as follows. Section 2 discusses the interrela-
tions among climate change, green space and human health by taking
a perspective based on ecosystem services, ecological functioning and
their potential capabilities. Section 3 takes the health perspective in
order to summarise the literature analysing potential impacts of green
spaces over human health, with a critical analysis of methods applied,
health outcomes analysed and exposure. The importance of contextual
variables is also discussed and how they can influence the relationship
health-ecosystems. Section 4 presents a framework with key relation-
ships between main elements of the system based on the eDPSEEA
model and considering the interplay of contextual variables and types
of exposure. Section 5 presents the main conclusions drawn.
2. Climate change, green space and human health: the ecosystem
perspective
Greenspace, particularly in urban settings, is often viewed as a ho-
mogenous ‘green area’, with little consideration for the biological or
ecological components of the landscape. This may be important when
particular types and qualities of habitat types have been highlighted
as having greater or less influence over the health benefit gained
(Alcock et al., 2015; Wheeler et al., 2015). However, pressures on
greenspace from both persistent urbanisation and effects of changing
climates may also to lead to adverse health impacts (ecosystem dis-
services) associated with extremes in temperature, vector-borne dis-
eases and water and air quality regulation (McMichael et al., 2006).
Within urban areas, greenspaces may vary significantly in quality
(i.e. biodiversity), size and morphology and may have a multi-
functional role within an urban area. The health benefits we derive
from ecosystems are delivered as a consequence of the biodiversity,
ecological composition and processes (Cardinale et al., 2012; Diaz
et al., 2006)within the greenspace. The interactions between organisms
within their physical environment results in a variety of ecosystem pro-
cesses (e.g. decomposition), which in turn enables the ecosystem to
perform functions (e.g. nitrogen cycling). These ecosystem functions,
in turn deliver a number of important ecosystem services (e.g. crops)
which support the health and wellbeing of the population (Alfsen
et al., 2011).
Perturbations from stressors such as climate change on the ability of
the greenspace to perform these functions will likely impact on the de-
livery of many of these ecosystem services and consequently the health
and wellbeing of the local population (McMichael et al., 2006). Climate
change will likely impact on the distribution of tree species (e.g. Benito
Garzón et al., 2008) andmeasuresmay need to be taken in certain green
spaces to plant climate resilient species. Extreme events, including
droughts and floods, impact on green spaces in different ways. Drought
impacts on grassed areas and the hardness of soil underfoot for those
exercising in green spaces. Flooding can reduce accessibility to green
spaces – though yielding benefits in terms of flood protection through
sustainable urban drainage systems, recreational benefits to health
may be reduced.
Thewider humanhealth vulnerabilities to climate change have been
highlighted by a number of key climate change studies (Haines et al.,
2006; Haines and Patz, 2004; Hames and Vardoulakis, 2012; Smith
et al., 2014; Wolf et al., 2014; Hajat et al., 2010) and international
reporting (Confalonieri et al., 2007; European Environment Agency,
2015) and by having a better understanding of how the physical prop-
erties of vegetation, water bodies and ecological processes of
greenspaces (Elmqvist et al., 2015) may actively have a protective ef-
fects on health are only just being considered.
Harnessing ecological processes and working with natural systems
more broadly, can provide a variety of additional co-benefits to both
ecosystems and improving public health by enhancing the natural
1193A. Chiabai et al. / Science of the Total Environment 635 (2018) 1191–1204capital rather than depleting it. For example, urban tree planting, plays a
key role in mitigating against the impacts of air pollution by retaining
particulates and thus improving air quality and improving respiratory
related infections/disease, particularly in children (Lovasi et al., 2008).
By 2050 70% of the global population will reside in towns and cities.
Continued urbanisation and climate changewill interact and exacerbate
the health effects of urban heat islands, increased risk of flooding and
urban heat islands. In urban settings, greenspaces deliver several key
services to adapt to these health impacts. These include, but are not lim-
ited to, (i) regulation in microclimates though modifying local temper-
ature regimes so as to reduce the urban heat island (UHI) effect, (ii)
acting as a buffer to reduce air and acoustic pollution, (iii) regulate
water flow to alleviate flood risk and improve water quality, (iv) pro-
mote opportunities for improved wellbeing (Table 1).
2.1. UHI effects
Some of the most important impacts of climate change are derived
from changes in temperatures. Heatwaves are a source of potential
losses in terms of health, especially in an urban context and for certain
social groups, including ageing population (Benmarhnia et al., 2016;
Day, 2008; Li et al., 2015; Tobías et al., 2014; Yu et al., 2010). The
Urban Heat Island (UHI) effect refers to the warmer temperatures typi-
cally experienced in urban areas compared to the surrounding suburban
and rural areas (Heaviside et al., 2017). Changes in land cover and land
use through the process of urbanisation can interact with climate
change effects and alter local microclimates, consequently the risk of
heat related illness or mortality may increase (Heaviside et al., 2017,
Vardoulakis et al., 2014). Urban greenspaces have been shown to have
lower air temperatures by approximately 1 °C cooler than the surround-
ing countryside (Bowler et al., 2010). This cooling effect is attributed to
shading from broadleaved vegetation, but also from the ecosystem pro-
cess of evapotranspiration. This process cools leaf surfaces and air tem-
peratures as solar energy is absorbed and stored (Edmondson et al.,
2016). Furthermore, unlike impermeable surfaces such as roads and
buildings, leaf surfaces reflect solar radiation back into the atmosphere
therebymaintaining a lower temperature (Grant et al., 2003). However,
these cooling effects are subject to variation owing to the different sizes,
shapes and species composition of the greenspaces.
2.2. Air pollution
Urban pollution is also another cause of health problems that takes
special part in urban ecosystems (Gordian et al., 1996; Pope III et al.,Table 1
Summary of the key ecosystem services of greenspaces for adapting climate change impacts on
ple health outcomes.
Biophysical
structure/process
of greenspace
Ecosystem function Ecosystem service Example health o
Trees and shrubs
mix
Evapotranspiration; solar
radiation reflectance; carbon
sequestration
Climate regulation:
Reduce UHI effect
Reduced urban m
Trees, mixed
vegetation
Leaf wax/hair trap particles
on leaf surface
Absorption of Co2 for
photosynthesis
Waste services:
Reduce air
pollution
Reduction in car
respiratory cond
Multi-level
vegetation,
grass, soil
Water retention by canopy,
absorption of precipitation by
soil, reduced runoff, drainage
Flood protection:
Flood risk
alleviation and
water quality
Reduction in me
and economic co
flood exposure;
quality
Biodiverse;
pathways;
amenity areas
Primary productivity,
biodiversity
Recreation: Health
and wellbeing of
exercise
Opportunities fo
physical activity;
lower blood pres
diabetes
Source: authors.2002). Green areas can help to capture some of the particles that
cause health problems, even if it is also suspected that particulate reten-
tion may be just temporal. In urban settings, trees have beneficial im-
pacts on the aesthetics of local environments. However, their impact
on air pollution regulation is more complex and there is evidence of
mixed net effects of trees on health due to air pollution (Salmond
et al., 2016).
Trees remove pollution from the air by capturing particulates on the
leaf surface. Different species may be more efficient at capturing a vari-
ety of particulate matter and increasingly, the evidence suggests that
the structural complexity, type and species are all important in
maximising the health benefits and indeed, avoiding the dis-services,
of maintaining and creating greenspaces. For example, in a wind tunnel
experiment, coniferous tree species (Pinus sylvestris) was found to be
more efficient at particle capture than broadleaved species (Räsänen
et al., 2013). Similarly, vegetation with more complex leaf structures
and combinations of species on green walls are likely to maximise par-
ticulate retention (Weerrakkody et al., 2017). However, understanding
species appropriateness (i.e. ecophysiological responses to pollution or
heath stress) for the proposed location is a key consideration so as to
avoid health dis-services such as respiratory conditions due to low
level ozone (O3) formation (Calfapietra et al., 2013; Knight et al.,
2016) and/or increases allergic responses to pollen (Escobedo et al.,
2011; Cariñanos and Casares-Porcel, 2011).
2.3. Water regulation
In the UK, climate change will increase heavy rainfall and as a result,
risks from fluvial and surface flooding (Defra, 2017). Greenspaces, par-
ticularly urban greenspaces have significant potential to alleviate the
risks posed to urban centres. Absorption of rainfall by soil and canopies
can play a role in diminishing the hazard of floods (Claessens et al.,
2014; Graceson et al., 2013;Warhurst et al., 2014). Reduction of flood im-
pacts could also be obtained through the retention of debris. Green areas
can therefore serve as an adaptation measure in a short-term scenario
(Opperman et al., 2009), especially in plans involving sustainable flood
management and Ecosystem-based Adaptation (EbA) to climate change.
Trees and other broadleaved vegetation intercepts rainfall and slows
the transfer to the ground, thus reducing the risk of flooding. Owing to
the reduction in excess water, water quality is improved as surface pol-
lutants (e.g. nitrate, phosphates) washed into receiving water bodies
are much reduced. Upstream land management of greenspaces for
flood prevention has receivedmuch recent attention. For example blan-
ket bogs act as natural sponges and retain rainfall to slow its passagehealth. Key ecosystem processes and functions that contribute to their delivery and exam-
utcome References
ortality rates (Feyisa et al., 2014, Edmondson et al., 2016, Knight et al.,
2016, Wang and Akbari, 2016, Fares et al., 2017,
Gunawardena et al., 2017, Heaviside et al., 2017, Hiemstra
et al., 2017, Kabisch and van den Bosch, 2017)
diovascular and
itions
(Litschke and Kuttler, 2008, Petroff et al., 2008, Zhao et al.,
2010, Nowak et al., 2014, Rao et al., 2014, Wang et al., 2015,
Weerrakkody et al., 2017)
ntal health conditions
sts associated with
improved water
(Sanders, 1986, Bartens et al., 2008, Carroll et al., 2009,
Paranjothy et al., 2011, Kaźmierczak and Cavan, 2011,
Armson et al., 2013, Liu et al., 2014, Zhang et al., 2015,
Zellner et al., 2016)
r recreation and
stress reduction;
sure, obesity and
(Mitchell and Popham, 2007, Mitchell and Popham, 2008,
Maas et al., 2006, Rook, 2013, Lovell et al., 2014, Gascon
et al., 2015, Wheeler et al., 2015)
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wetlands play a big role inwater regulation, both on the sides of supply-
ingwater and improving its quality. Their capacity to store and treatwa-
ters under certain circumstances (such as grey waters and their use as
tertiary treatment in wastewater treating procedures) avoids eutrophi-
cation of other ecosystems providing therefore a cleaner environment
(Millennium Ecosystem Assessment, 2005).2.4. Health and wellbeing
Public open green spaces may encourage various forms of interac-
tion among humans, promoting community cohesion, sense of identity,
education and learning. Active lifestyle promotion (Almanza et al.,
2012; De Jong et al., 2012; Fan et al., 2011; Gidlow et al., 2016; Giles-
Corti et al., 2005;Mytton et al., 2012) and the development of social net-
works (Dadvand et al., 2016; Eriksson and Emmelin, 2013; Fan et al.,
2011; Maas et al., 2009a) may play an important role as underlying fac-
tors in capturing such benefits from green spaces. The relation between
health inequalities and the green environment has been also observed,
notably by Mitchell and Popham (2008). Mitchell and Popham, based
on English data, found a negative relationship between green spaces
and health inequalities, which means that deprived socio-economic
groups may benefit in greater degree from health benefits of nearby
green areas, which would narrow the gap in health issues among in-
come groups. Germann-Chiari and Seeland (2004) found that urban
green spaces are not optimally distributed in terms of social cohesion
in the case of Swiss cities. Among other aspects analysed in this context
thematter of access to parks has also been discussed (Barton and Pretty,
2010; Carter and Horwitz, 2014; Cohen et al., 2013).
Furthermore, greenspaces play a key role in tourism and recreational
activities. An example is given by the Spanish IMSERSO programwhich
promotes social tourism among senior citizens (Hoyo and Valiente,
2010). The conjunction between social tourism and ecotourism might
bring important health and wellbeing benefits, especially among vul-
nerable groups (McCabe et al., 2010). Promotion and development of
new forms of tourism would have an impact on a region's economy.
Evaluation of the economic impacts from green areas go further than
the financial benefits of activities related to them, butmust take into ac-
count all benefits provided. Recreational activities performed in a park,
for example, do not necessarily imply market transactions, but have an
impact on wellbeing. Methodologies that evaluate these impacts have
been developed and discussed in the economic literature, and include
approaches that value environmental goods through alternative mar-
kets known as revealed preferences (such as the costs of visiting a
place or the costs of restoring it after its loss), or stated preferences
(such as the willingness to pay of individuals to maintain the good or
the willingness to accept a compensation for the loss of the good).
Humans are affected by the contact with different microorganisms.
An increasing number of diseases affecting urban populations in devel-
oped regions are related to problems in immune-regulation and regula-
tion of inflammatory responses (Rook, 2013). The microbiome is
present in most of the human body (Proctor, 2011), it affects in many
cases physiological health, and it does so in different ways (Bisgaard
et al., 2011; Huffnagle, 2010) through complex interactions (Clemente
et al., 2012). There is still much work to be done, as research in
humanmicrobiota is restrained by the difficulties of laboratory analyses
of most of these organisms (Han et al., 2012). Human physiological re-
sponses to aseptic environments, most easily achieved in urban con-
texts, could block the set of processes that are triggered by these
commensal organisms, among them the development of tolerance to
some of the organisms themselves, case that generates some of the
most common health problems in the developed world according to
the WHO.1 According to the text of Rook (2013), exposure to natural1 http://www.who.int/chp/en/environments and green spaces, along with the microecosystems,
would help the correct development of human immune system. There
are, of course, also potential risks from exposure to certain microorgan-
isms, for example the potential for infection, including antibiotic resis-
tant bacteria (Wellington et al., 2013).
3. Green spaces and wellbeing: the health perspective
Green spaces have diverse impacts on human health and wellbeing,
and this is reflected in the diversity of the studies performed in the ex-
ploration of the relationships between ecosystems and health in this
context. Human health is highly dependent on the environment. It has
been postulated since early times (Ward Thompson, 2011) that being
surrounded by nature improves human wellbeing. With the arrival of
the industrial revolution the impact of pollution became more relevant
for public health (Ward Thompson, 2011), so that the role of urban
green areas can be key in this context. The links between natural envi-
ronments and improved health are well documented (Alcock et al.,
2015, Maas et al., 2006, Shanahan et al., 2015a,b, Triguero-Mas et al.,
2015), however. the mechanisms remain elusive. Evidence suggests
that access to and availability of urban green and blue spaces provide
a wealth of opportunities for health promotion, such as reductions in
stress, anxiety and depression, reductions in diabetes, and cardiovascu-
lar and respiratory disease through an increase in opportunities for
physical activity (Hartig et al., 2014, Shanahan et al., 2016).
We performed a search through web resources such as Web of
Knowledge and Google Scholar combining terms related to the areas
of environment and health. A series of combinations including health-
related terms (health, disease, life expectancy, mortality, epidemiology,
etc.), environment-related words (environment, nature, ecosystem,
pollution, green spaces/areas, etc.) were used. Complementary terms
(such as qualitative, statistical, literature review, etc.) were introduced
when necessary. Snowballing from the literature, particularly literature
reviews, was another source of references. We included previous litera-
ture reviews and meta-analysis looking at quantitative health impacts,
qualitative studies using empirical data from surveys looking at subjec-
tive perceptions, and finally a number of studies offering theoretical ap-
proaches and discussions to analyse the interaction. In total 117 studies
were identified that investigated these relationships.
The whole reference list of the reviewed studies is displayed in Ap-
pendix A (Supplemenatry Data), including a table (A) which classifies
all studies by methodology and health outcome(s).
The diversity of the literature with quantifiable results spans
throughout three main axes which we can classify as: broad methodo-
logical approach, heath outcome and exposure. In Table 2 we present
a selection of the reviewed 117 studies with quantifiable results, classi-
fied by the three categories above. Methodological approaches used in
the literature were classified into three groups (Martinez-Juarez et al.,
2015a). Namely we distinguished among “objective studies” (using ob-
jective measurements of health), “subjective studies” (relying on sub-
jective or survey-based measurements) and “proxy measure based-
studies” (relying on proxies that can be precursors of health problems).
In the next three sub-sections we discuss some key studies identified in
each of the three groups, commenting the specific methodology used
and main results obtained. Based on the analysis of the 117 studies we
subsequently propose different types of exposure characterising the
type of individual involvementwith nature, andfinally present a discus-
sion on the role of contextual factors in the interaction health-
environment.
3.1. Objective studies
Objective studies use different types of health data such as hospital
admissions for specific health conditions, changes in life expectancy or
mortality, all of which could be measured in an objective manner
using risk factors and statistical metrics. Studies of this type include
Table 2
Summary of articles describing impacts of green spaces over health.
Source: authors.
Study type Reference and
location
Health outcome Exposure Main contribution Results
Objective (Maas et al.,
2009b)
Netherlands
Persistence of disease (grouped
in clusters).
Presence of green space in
residential area.
To assess whether
physician-based morbidity
outcomes are related to green
space in living environments.
Reduction in morbidity in 15 of
the 24 disease clusters when
quantity of green space in the 1
km radius area was 10% above
average, significance limited to 3
clusters when 3 km radius is
analysed.
(Takano et al.,
2002)
Tokyo (JP)
Five-year survival rate. Range of neighbourhood
characteristics, including green
items.
To find the relation between
public areas' greenery in
residential environments and
elderly populations' longevity in
densely populated urban
contexts.
Space for taking a stroll, street
parks and tree lined near the
residence found to be positively
related to survival rate, though
not always with significant
relationship.
(Hu et al., 2008)
Escambia and
Santa Rosa
counties (US)
Stroke mortality. Greenness and pollutants
measured through GIS.
To determine the relation
between stroke mortality and a
series of factors (air pollution,
income and greenness).
Significant correlation found
between mortality reduction
and green areas.
(Mitchell and
Popham, 2008)
England (GB)
General health and on
cardiovascular disease (CVD)
among other factors.
Statistical area classification
according to percentage of
greenspace.
To test whether health
inequalities correlated with
income would be less
pronounced in populations more
exposed to greenery.
Significant reductions in health
inequalities both for all-cause
mortality and for circulatory
disease correlated to the
presence of green space.
(Pampalon
et al., 2006)
Québec (CA)
Life expectancy and different
cause mortality.
Census areas according to their
urbanisation level.
To compare the health contexts
of rural and urban areas in
Québec.
Impact of urbanity level varying
among variables. Health
problems often greater in rural
areas.
(Cusack et al.,
2017)
Texas (US)
Preterm births, small for
gestational age cases and term
birth weights as birth outcome
measures.
Normalized Difference
Vegetation Index (NDVI).
To study birth outcomes with
respect to residential greenness
in the Texan context.
Term birth weight presented the
only significant results in fully
adjusted models. Birth weights
for mothers in greener
environments were 1.9 g higher
than the baseline.
(Hanski et al.,
2012)
Eastern Finland
Atopic sensitization/allergic
disposition analysed in a sample
of adolescents.
Surrounding biodiversity in
residence area.
To provide evidence to the
“biodiversity hypothesis”, that
reduced contact with
environmental features is
related to the increase in
prevalence of certain illnesses.
A relationship was found among
surrounding biodiversity,
presence of skin microbiota and
lower levels of atopy.
(Henke and
Petropoulos,
2013)
Wales (GB)
Measures of limiting long term
illnesses, mortality, physical
activity guidelines met and life
expectancy.
Recreational areas in Wales
were identified and their
extension measured as
proportion of each local
authority.
To explore the interconnections
among ecosystem services,
human health and deprivation in
a context where green
ecosystems are abundant.
Low levels of correlation were
found between relative amount
of recreational areas and life
expectancy or long-term
disease.
(Huynen et al.,
2004)
Not local
Disability adjusted life
expectancy, infant mortality and
percentage low-birthweight
babies.
Different indicators were used to
calculate biodiversity loss:
percentage of threatened
species, changes in forest cover
and the percentage of land
highly disturbed by man.
To address the potential relation
between biodiversity loss and
health at a global scale.
Significant effects of biodiversity
loss were found for some
variables, but authors were not
able to provide obtain a general
association between biodiversity
loss and health.
(Tamosiunas
et al., 2014)
Kaunas (LT)
Both CVD-related deaths and
non-fatal cases.
GIS data on parks larger than 1
ha were taken. Use of parks was
also considered.
To study the interrelations
between distance and sue of
green areas on the one hand and
prevalence of CVD and its risk
factors on the other.
Health benefits were found in
certain cases studied such as
when considering males and
distance to parks or female park
use.
Subjective (Van Herzele
and De Vries,
2012)
Ghent (BE)
Self-reported health and
well-being.
Two neighbourhoods were
selected similar in all terms
except the availability of green
spaces.
To study the connection
between local environment's
greenness and health and
wellbeing of those living in such
environment.
No significant results for
self-reported health.
(Dunstan et al.,
2013)
South Wales
(GB)
Self-reported general health. Three tertiles were constructed
through the Residential
Environment Assessment Tool
(REAT), which includes
environmental elements
To investigate the relation of
health with residential
environment's quality taking an
objective measure of the latter.
No significant effects were found
when analysing natural
elements.
(de Vries et al.,
2003)
Netherlands
Survey based on diagnostic
interviews for mental health
assessment, focusing on anxiety
disorders, mood disorders,
substance abuse and common
mental disorders (CMD).
Presence of green space in
residential area.
To address the question of
whether greener areas'
populations are healthier by
studying self-reported health of
Dutch populations in
combination with land use data.
The study found significant
results for the effects of presence
of green space over CMD and
anxiety disorders.
(De Jong et al.,
2012)
Self-reported: Neighbourhood
satisfaction (NS), physical
Scania Green Score (SGS): Index
based on perceived green
To implement the SGS index in
the context of analysing health
When analysing SGS and
GIS-based greenness in separate
(continued on next page)
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Table 2 (continued)
Study type Reference and
location
Health outcome Exposure Main contribution Results
Scania (SE) activity (PA) and general health
(GH).
neighbourhood qualities,
“culture”, “serene”, “lush”,
“spacious” and “wild”; as well as
perception over each of the
components. GIS-based
objective greenness was also a
measure taken.
and wellbeing of Scanian
population
regressions, it was found that
both measures implied higher
levels of physical activity, while
subjectively measured green
spaces also implied improved
self-reported health. This last
relation disappeared when using
GIS. When including both
greenness measures within
simultaneous regressions,
results were similar except for
the link between GIS-based
greenness and general health,
which turned negative.
(Mansor et al.,
2012)
Taiping (MY)
Questions on the relation
between green space and
wellbeing were included in the
questionnaire.
Combination of a questionnaire
survey and semi-structured
interview on urban green areas
of the city chosen.
To study the attitudes of citizens
with respect to green
infrastructure in relation with
wellbeing.
Green infrastructures were
found to be influencing levels of
physical activity. Perceptions on
greenness diversity was
correlated to perceptions on the
wellbeing effects.
Proxy (Grazuleviciene
et al., 2015)
Kaunas (LT)
Systolic and diastolic blood
pressures (SBP; DBP), heart rate
(HR) and recovery, and exercise
duration.
Two randomised patient groups
exposed to different walking
settings: urban and green. All of
them were exposed to
30-minute walks during a 7-day
period.
To assess whether walking in a
green environment has an
increased effect over coronary
artery disease.
Effects appeared for all variables
after the 7-day period, which
implied a cumulative effect of
green exercise over
hemodynamic variables.
(McKenzie
et al., 2013)
Scotland (GB)
Medication prescriptions as a
proxy for mental health.
Urban and rural classification of
neighbourhoods.
To analyse the potential
association between living
environments and mental health
problems such as anxiety,
depression and psychosis.
Urban areas accounted for a
higher proportion of
prescriptions for mental
illnesses.
(Witten et al.,
2008)
New Zealand
Body Mass Index and measures
of activity.
Car travelling times as proxy
measure for distance between
neighbourhoods and parks and
beaches
To tackle the question of
whether access to public space
can lead to increased levels of
physical activity.
No significant outcomes found
when including all of the
controls, but correlation found
between BMI and access to
beaches.
(Grazuleviciene
et al., 2014)
Kaunas (LT)
Four blood pressure categories
(optimal -baseline-, normal,
high-normal blood pressure, and
hypertension).
Subjects were classified among
three groups according to
distance between residence and
the nearest park. Apart from this
discrete measure, continuous
distance was also used.
To analyse the effect of distance
to urban parks over blood
pressure categories during the
early stages of pregnancy.
Once adjusted to risk factors,
data the study indicated an
increase in OR for intermediate
groups with respect to the
baseline group when comparing
lower distance group with those
living closest. Another
significant increase was found
when analysing distance
continuously. For the case of the
hypertense group increased OR
diminished and lost statistical
significance.
(Li et al., 2011)
Tokyo (JP)
Blood and urine measurements
before and after the activity.
Two randomised subject groups
(all healthy male) exposed to
different settings: urban and
green. They spent a day within
the assigned environment,
walking for 2 h in the morning
and afternoon.
To study the effects of walking in
forests over cardiovascular and
metabolic indicators of male
subjects.
Blood pressure, dopamine and
urinary noradrenaline levels
were found to be significantly
reduced in the group spending
the day in the greener location.
Serum adiponectin and
dehydroepiandrosterone
sulphate (DHEA-S) on the
contrary were found to be
significantly higher.
Combined
subjective and
objective
measurements
(Min et al.,
2017)
South Korea
Depression referring to the
immediate 12-month period,
depressive symptoms through a
standardised questionnaire.
Extension of parks and green
areas in each residential
geographical code along South
Korea.
To scale the research on the
potential benefits of parks and
green spaces over mental health
from the local to the national
level.
Individuals living in the least
low area quartile presented odds
of suffering from depression and
presenting suicidal indicators a
16–27% higher than those living
in the greenest quartile.
(Pereira et al.,
2012)
Perth (AU)
Coronary heart disease (CHD)
and stroke based on
self-reported cases and analysis
of records of hospitalizations.
NDVI To investigate in a specific
manner the greenness of a
neighbourhood in relation to
CHD.
Overall greenness no
significantly related to
decreased odds of diagnosed
coronary disease and stroke.
Variance of the NVDI inside
wards was found to be relevant
on stroke risk.
Combined
subjective and
proxy
(Ward
Thompson
et al., 2012)
Cortisol levels and self-reported
stress and well-being measures
in individuals in vulnerable
Percentage of green zone over
the total area of the
neighbourhood.
To study health benefits of green
areas using “ecologically valid
objective measures” and to
No significant correlation
between mean values of cortisol
and green areas, but a link was
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Table 2 (continued)
Study type Reference and
location
Health outcome Exposure Main contribution Results
measurements Dundee (GB) situation. determine whether salivary
cortisol may be used as a
biomarker in the research of
stress levels.
found with self-reported
measures.
(Yang et al.,
2011)
Zhejiang (CN)
Brainwave activity,
complemented by a
questionnaire
Visual stimuli of areas with
different degree of greenness
To address the psychological
side of noise reduction provided
by plants.
Additional subjective noise
reduction perception in group
watching greener environments.
(Roe et al.,
2013)
Dundee (GB)
Salivary cortisol and perceived
stress in jobless men and
women residing in deprived
districts. Wellbeing using
shortened version of the
Warwick and Edinburgh Mental
Well-being Scale (SWEMWBS).
Green space measured according
to percentage of green spaces in
the Census Area Statistics.
To analyse the mechanisms
operating under the relation
between the environment and
mental health, particularly in the
context of stress in jobless
populations.
Positive correlation was found
between cortisol slope and
physical activity and green
space, and higher amount of
neighbourhood green space was
found to be related to lower
perceived stress.
The regression performed to
analyse the relations found
perceived stress to be negatively
and significantly related to the
green space percentage. The
presence of a garden in home
was only a relevant factor for
males.
1197A. Chiabai et al. / Science of the Total Environment 635 (2018) 1191–1204epidemiological studies such as the one performed by Maas et al.
(2009b). The authors analysed one-year persistence rate of illnesses ag-
gregated in 24 clusters in order to study the effect of greener living en-
vironments on health. Positive impactswere found inmost of the health
clusters for greener areas located closer living environments (1 km ra-
dius), while effects diminished when more distant areas were taken
(3 km).Mental health impactsweremost notable. According to their re-
sults, green spaces impacted anxiety in a higher degree, with a de-
creased odds ratio (OR) of 0.95, while depression exhibited a
reduction in persistence associated with an OR of 0.96. Both results
were significant at the 95% significance level. Other illnesseswith signif-
icant decreased ORs were coronary heart disease (0.97 odds ratio), sev-
eral musculoskeletal complaints, such as back and neck complaints
(with OR diminishing to 0.98), asthma, COPD and upper respiratory
tract infection (OR of 0.97), neurological disorders (ORs between 0.97
and 0.98), and digestive infectious disease of the intestinal canal (OR
0.97).
A different approach was taken by Takano et al. (2002), who
analysed changes in survival rates in the city of Tokyo, and found that
environmental aspects such as the presence of space for taking a stroll,
streets with parks and trees near the residence areas were associated
with higher survival rates. This study found that spaces for taking a stroll
could significantly increase survival rates both for males and females.
For example, parks and trees were positively related to overall survival
rates, showing an increase from 66.2% to 74.2%when parks and trees in-
creased from aminimum amount (defined qualitatively as “very little”)
to amaximum(defined as “plenty”). The relationshipwas, however, not
always significant when analysing specific subgroups of the population
(e.g. females).
While also objective, a somehow different approach was taken by
Hu et al. (2008), who analysed stroke mortality in two US counties
and also found evidence linking greener environments to improved
health conditions. Their specificity in the approach lies in the proposed
modelwhich uses a combination ofmappingwith Bayesian hierarchical
modelling combined with Monte Carlo analysis. The resulting figures
showed that greenness presented amean effect of−0.161, with a cred-
ible set spanning from−0.289, to−0.031, which implies a significant
reduction of strokemortality in greener areas. Air pollution also had rel-
evant effects, though of the opposite sign.
Mitchell and Popham (2008) also consideredmortality rates in their
study, though their finding was that not only green spaces could have a
positive impact over health, but that this impact could be stronger ingroups with lower income levels, having thus an reduction effect over
health inequalities. Incidence rate ratios (IRR) varied among groups.
For all-cause mortality, IRR between most and least deprived areas in
least green areas was of 1.93, while in the greenest areas IRR was re-
duced to 1.43. Circulatory disease mortality showed a change from
2.19 to 1.54 under same circumstances.
Another study considering mortality we wish to highlight was per-
formed by Pampalon et al. (2006). The study was centred over the dif-
ferences in health between urban and rural areas. Mortality in rural
areas was found to be significantly higher, compared to urban areas.
The study also emphasised the importance of contextual factors in this
relationship. In this study, improved health in urban areas resulting
from improved access to healthcare puts a limit over the greener-is-
better relation.
3.2. Subjective studies
A second group of studies use self-reported measures of health,
which we named “subjective studies”. Health questionnaires are used
in order to obtainmeasures of general health aswell as to tackle specific
health problems as anxiety or cardiovascular health. Likert scales are
often used in this type of studies in order to facilitate respondents in
reporting their perceived health status. Semi-structured interviews
and Yes/No question sets or inquiring over the number of symptoms re-
membered over a time period can also help in analysing population's
health. Although self-reported measures exhibit a number of biases,
they can ease the task of addressing health in a subjective way. These
methods are often combined with different measurement metrics
such as proxy indicators which can detect a health problem. Such
mixed analyses are included in the third group of studies and described
later.
Van Herzele and De Vries (2012), used a questionnaire in order to
ask for the health status of inhabitants of two neighbourhoods in
Ghent, one being substantially greener than the other, while other char-
acteristics being similar. Inquiry over self-reported health used a 1–7
Likert scale to ask for general health and added a question over the
number of symptoms experienced by individuals. The study found no
significant improvement in self-reported symptoms, but it did find
higher levels on reported general wellbeing in the greener
neighbourhood. A different questionnaire was used by de Vries et al.
(2003) when conducting their research on the relationship between
greenspace and health. They examined the amount of green in the
1198 A. Chiabai et al. / Science of the Total Environment 635 (2018) 1191–1204study subjects' living environments and found a positive relation be-
tween greener environments and self-reported health. The latter was
measured combining a five-point Likert scale for perceived general
health combined with an inquire to recall symptoms in the last
14 days. In this case, a version of the General Health Questionnaire
was used to determine propensity of participants to psychiatricmorbid-
ity. De Jong et al. (2012) used self-reported levels of physical activity as
well as perceived green qualities in their study, finding a positive asso-
ciation among these variables. In their analysis of a series of
neighbourhoods in SouthWales, Dunstan et al. (2013) studied reported
levels of poor health and objectively measured neighbourhood quality.
REAT (Residential Environment Assessment Tool) serves as index for
neighbourhood quality, and is comprised by a series of 28 items
encompassing aspects such as physical nuisance and incivility, territo-
rial functioning, defensible space, natural elements and miscellaneous
other factors. Natural elements (green spaces and infrastructures) had
however no significant impact over health in this analysis.
3.3. Proxy measure based-studies
The third type of studies are those relying on proxy measures. These
proxy measures can be intended as a precursor to disease and health
status, so they are particularly relevant to detect health benefits from
exposure before the disease can manifest. This is the case of cholesterol
measures, cortisol presence, prescription of medications, Body Mass
Index (BMI), etc. Some of the studies using such variables combine
them with other measurement types such as perceived health from
survey-based analysis. We include here examples of the use of proxy
measures and of combined systems.
Yang et al. (2011) studied brainwave activity through electroen-
cephalogram (EEG) in order to assess psychological noise reduction
gained when using landscape plants as buffering system. The study in-
volved visually and stimulating participants with either green images
or images showing traffic elementswhile noise stimulationwas also ap-
plied. A control group was also employed as reference. The study relied
too on subjective measurements provided by participants. These last
measurements showed that there was a widespread belief that land-
scapeplants had an impact over noise reduction, 90% of respondents be-
lieved so, with an 80% of participants considering them the most
efficient option. Participants tended to overrate the noise reduction ca-
pacity of plants measured, with 55% of them overstating the capacity,
40% giving accurate values and 5% underestimating the effect. Signifi-
cant variations were found un beta-1 and beta-2 waves between those
subjected to green stimulation, and traffic and control groups. Varia-
tions in alpha-1 and alpha-2 waves were restricted to a couple of
brain areas. No significant changes in delta and theta waves was
found. They found an additional reduction caused by the use of these
elements.
McKenzie et al. (2013) used drug prescription levels in order to an-
alyse mental health in different settings in Scotland, finding that urban
settings were more prone to the use of prescription drugs targeting de-
pression and anxiety. Blood pressure is another common measure in
studies. Such are the cases of two studies performed in Lithuania
(Grazuleviciene et al., 2014, 2015). Both studies found improvements
in their measuring in groups more influenced by parks and green
areas. In the 2015 study, researchers tested whether coronary artery
disease (CAD) patients' hemodynamic parameters would show more
positive effects after park walks than after urban strolls. Systolic (SBP)
and diastolic (DBP) blood pressures as well as heart rate (HR) were
analysed at rest, after exercise (differences after 1 and 30 min) and
after a 7-day exercise period. Effects appeared for all variables after
the week. The second study analysed blood pressure in the early preg-
nancy. Participants were classified into four groups, ranging from opti-
mal (blood pressure) to hypertension. In order to measure exposure
to ecosystems distance of residence to a parkwas used, both continuous
and discrete (b300 m, 300–1000 m, N1000 m). OR were calculated bycomparing odds of being classified in a higher-blood pressure group ac-
cording to proximity of residence to an urban park. OR adjusted to risk
factors indicated increased OR for intermediate groups with respect to
the baseline group (optimal) when comparing lower distance group
with those living closest. Increase was also significant when analysing
distance continuously. For the case of the hypertense group increased
OR diminished and lost statistical significance.
Similarly, Li et al. (2011) took measurements of participants' blood
pressure after walks in different contexts (a walk in a forest park and
an urban walk). These measurements were combined with urine sam-
ples which were used to calculate noradrenaline and dopamine levels.
Evaluation of the proxy variables led researchers to determine a positive
effect of walking in greener contexts. Among those that employed dif-
ferent proxy measures we can findWitten et al. (2008), who combined
BMI, sedentary behaviour and physical activity levels. The aim of the
study was to analyse the impact of access to public open space over
those variables. In order to determine access to parks and beaches, mi-
nutes of travel by car were used as variable via GIS. They found access
to parks not linked to reduced BMI or sedentary behaviours, though
they found a correlation when studying access to beaches.
Ward Thompson et al. (2012) took a combined approach when
analysing stress in deprived communities. They used salivary cortisol
as their main measure for stress, complementing it with a self-
reported measure. Salivary cortisol was measured at different points
during the day. Between 3 and 12 h after the awakening time. Green-
ness and deprivation measure were based on participants' postal
areas. Self-reported stress was found to be correlated to greenness.
Steeper cortisol evolving patterns (higher in the early hours after awak-
ening and lower after 12 h)were correlated towellbeing, physical activ-
ity and greenness, as well as with improved self-reported stress. Mean
levels of cortisol were not associated to greenness or lower levels of
stress. These relations were significant at the 95% level.3.4. Type of exposure
How exposure to green areas is conceived is another source of vari-
ance in the literature. Following the previous proposal of classifying ex-
posure to green spaces into active, consumptive and passive exposures
(Martinez-Juarez et al., 2015b), we comment hereby some studies from
the literature based on this classification. The relevance of this classifica-
tion lies on the importance of the engagement with green areas and its
effect over the analysed relation. Several of the positive (and negative)
health impacts of green areas over human health is associated to either
active, consumptive or passive forms of engagement or exposure.
Active exposure requires involvement of the subject. This type of
connection can include actions such as taking a stroll in a park (Roe
and Aspinall, 2011; Takano et al., 2002), social interactions in green
public open space (Eriksson and Emmelin, 2013; Fan et al., 2011;
Fleming et al., 2016; Maas et al., 2009a;Wood et al., 2010) or exercising
in green areas such as an urban forest (Hansmannet al., 2007; Kerr et al.,
2006; Scully et al., 1998). The study performed by Lachowycz and Jones
(2014) tested the hypothesis that walking explained lower mortality
levels appearing in areas with higher access to green space. They
found that inhabitants of greener neighbourhoods were between 13%
(when taking neighbourhood green space) and 18% (when considering
green space within a 5 km radius)more prone to engage in recreational
walking in the last 30 days.
We classify as consumptive means of exposure those interactions
with nature that involve consuming some of its products or services.
Though ecosystem services provide health benefits through consump-
tive exposure (e.g. the provision of medicines and the regulation of
products such as cleanwater that are consumed by individuals allowing
them for healthier lifestyles), these services are not common in small
green areas. A case for increased health through consumptive exposure
to green areas is green tourism.
1199A. Chiabai et al. / Science of the Total Environment 635 (2018) 1191–1204The mere presence of green areas may also have an impact over
health, whether or not individuals actively interact with them, case
whichwe classified as passive exposure. Green areas can provide health
benefits reducing air pollution (Sæbø et al., 2012); by regulating cli-
mate, particularly reducing the UHI effect (Bowler et al., 2010); or by
creating a suitable environment for the developing of healthier
microbiotic conditions (Hanski et al., 2012; Rook, 2013; Rook et al.,
2013).
3.5. The role of contextual factors
Certain issues appear throughout the literature and have an impor-
tant role modulating the interrelationships between the ecosystem
and health. We consider these as contextual variables which can have
different roles and degrees of importance, but must be considered in
order for health impacts to be appropriately measured. Demography is
an important factor that can influence ecosystem's impacts over health.
Population density, ageing, health status are some examples. There is a
direct relation between population density and pollution that could
imply higher benefits in health. Thiswould be due to the increasedmar-
ginal impact of green spaces in a more polluted environment. On the
contrary, congestion of parks and green spaces could deter people
from using parks or reduce the restorative effects of park visitation.
Age has been another factor considered. Ageing populations could ben-
efit from clean air and open space towalk and engage in social activities.
Takano et al. (2002) deal with diverse demographic aspects by focusing
the research on elderly populations in a densely populated environment
and providing gender-specific results. Socioeconomic questions such as
income (Mitchell and Popham, 2008) or joblessness (Roe et al., 2013;
Ward Thompson et al., 2012, 2014) have also been considered in the lit-
erature. Social aspects may also influence attitudes towards green
spaces influencing the relation, such as time spent in open space or
use of such areas to perform physical activity (Wendel et al., 2011).
Studies can handle these variables in differentways. Some studies over-
look them entirely, whereas others consider them as control variables.
Age, gender and socioeconomic conditions are central in several studies.W
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Fig. 1. Climate change, ecosystem services andWe therefore consider them as a key aspect in the construction of the
conceptual framework as discussed more deeply in the next section.
4. The conceptual framework based on eDPSEEA
We propose a framework which draws on the “ecosystems enriched”
Driver, Pressure, State, Exposure, Effect, Action (eDPSEEA) model (Reis
et al., 2015) and explicitly integrates climate change and potential co-
benefits that green areas could provide in terms of adaptation actions
through population exposure and contextual factors. Ignoring such ben-
efits would conduct to sub-optimal planning and decision-making
(Fig. 1). For this purpose, the eDPSEEA model has been adapted to spe-
cifically link impacts of climate change and adaptation action on the en-
vironment and how this can affect human health through different
types of exposure.
Findings from the literature reported in the previous sections and
taking into account both the ecosystem (Section 2) and health perspec-
tives (Section 3), were analysed in order to create a framework that
could incorporate cause-effect interactions among climate, ecosystem
services, exposure and health impacts in a schematic and synthetic
manner.
The “driver” in our model is climate change and includes basically
GHG emissions and concentrations which put a “pressure” on green
spaces in terms of increased temperature and precipitation patterns,
heat and air pollution as well as extreme weather events. The pressure
will lead to a potential change in the amount/size or quality of that
space (the “state”), producing alterations in terms of ecosystem func-
tioning which will in turn affect the terrestrial distribution of natural
areas as well as the flow of ecosystem services they provide in the
short and long run. The state has been characterised in our framework
by six types of ecosystem services (as discussed in Section 2), which
can affect the use or perception of the site through “exposure”: UHI ef-
fect, air pollution, water regulation, social environment, recreation and
tourism, and microbiome.
Depending on a range of contextual factors, which may include
socio-economic characteristics of the impacted group (e.g. incomes,ater 
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and environmental factors (e.g. baseline climate, availability of alterna-
tive sites), these changes may impact on health either directly or indi-
rectly, positively or negatively (the “effect”).
“Actions” refer here to any intervention affecting green spaces and
population exposure, which can impact ultimately on human health.
In this context, adaptation will play a crucial role as it could increase
the existing pressure on natural areas (“mal-adaptation”) or, on the
contrary, reduce it with appropriate solutions such as those based on
ecosystem-based adaptation (EbA) (UNEP, 2014). EbA interventions
will show both direct benefits in terms of positive impacts on the provi-
sion and quality of ecosystem services, as well as additional co-benefits
in terms of population health due to exposure to an improved state of
the ecosystem.
In terms of adaptation, both “hard” and “soft” options exist to re-
spond to increased temperatures, precipitation and extreme events.
Hard paths for adaptation may have significant impacts on the quality
of the natural environment, while requiring inflexible and capital-
intensive technologies and the use of non-renewable resources. On
the other side, the creation or safeguard of green areas is regarded as a
“soft” measure, but it may also help to avoid some of the negative im-
pacts of hard-adaptation measures. An example would be the develop-
ment of sustainable water management and flood control systems by
creating green areas along waterways.
An overview of some key adaptation options, their possible impacts
on the natural environment and associated health implications is given
in Table 3 below. It is important that the assessment of adaptation op-
tions takes into account all risks and co-benefits, as otherwise sub-
optimal policy may result. Health benefits may not be the primary rea-
son for adaptation — e.g. in the case of sustainable urban drainage sys-
tems (SUDS) reduction in material damage from flood risk may be the
major target, but appropriate design of adaptation should take into ac-
count the health benefits as well (Ellis et al., 2004). In the case of flood
avoidance, a path may be constructed at the same time as the defence
is built to ensure that direct benefits arising from the structure can be
complemented by co-benefits such as those arising from active leisure
such as walking.
In our framework we include also other actions linked with EbA,
which have a direct effect on people exposure and health. These are
for example promotional and educational activities fostering respon-
siveness of individuals to improvements in the state or promoting recre-
ational and physical activities among general population and vulnerable
sub-groups.
Impacts on health (the “effect”) have been grouped according to the
different definitions and dimensions analysed by the literature
(Section 3). Specifically for the construction of this framework, we
have classified health impacts based on the same seven clusters as
Maas et al. (2009b). This allows us to specify how different sets of co-
benefits affect human health and wellbeing through diverse aspects of
health. The cleaning of the atmosphere from particulate matter and
gases such as SO2 or NOX (provided by green areas) can, for example,Table 3
Ecosystem-based adaptation and impacts on the natural environment: some examples.
Source: authors.
Measure Possible impacts on natural environment Potential heal
Sustainable urban
drainage systems
Potential for green corridors for recreation Possible incre
psychological
Green roofs Potential improvement in views, potential
increase in biodiversity
Reduction of
Flood defences Potential to provide paths for walking Possible incre
psychological
Structural measures
implanted in wetlands
Increased coverage of wetlands and
biodiversity benefits
Possible incre
Urban forests Increased coverage of forests in urban area,
cooling and biodiversity benefits
Reduced heat
cycling, improaffect health through the reduction of respiratory diseases and probabil-
ity of developing cancer (Ohshima and Bartsch, 1994). It must be noted
that various species of plantsmay also have a negative impact on health,
as they can trigger allergies through their pollination process. On the
other hand, there have been studies that link the visit to parks to a re-
duction of migraines (Hansmann et al., 2007), which would be related
to the provision of recreational use of ecosystems. A straightforward
cause of improvement would be the reduction in stress. Other effects
may be regarded as ambiguous. As plants can also spread allergens
while they retain contaminants, the microbiome may have both good
and bad effects over human health. The presence of microorganisms
can cause a wide range of effects on human wellbeing, from immune-
regulatory functions (Rook, 2013) to bacterial caused diseases.
Immuno-regulation and allergy would have important effects on respi-
ratory illnesses (Rook, 2013; Huffnagle, 2010), while microorganism-
caused diseases affect many physiological functions, though not all the
interactions could be related to the presence of ecosystems (Clemente
et al., 2012; Han et al., 2012).
Contextual variables, asmentioned in Section 3.5, may be important,
including factors of socioeconomic status of the impacted demography,
the age profile of the population, the baseline climate and existing levels
of health issues including obesity. Contextual variables can affect the re-
lation addressed in variousways according to how subjects are exposed
to them. Age, climate and general health conditions, for example, affect
all types of exposures – as different age groups may have different re-
sponses, climatic conditions may affect recreational uses or perceived
amenity and the health of the individual may affect use and the impact
that exposure has on health. Obesity has a clear link with consumption,
though cultural context is also related to consumption patterns. Finally,
active lifestyles and socioeconomic status require an active engagement
on behalf of the individual. Some of the studies have paid special atten-
tion to the effects of green areas on the health of deprived communities
(Ward Thompson et al., 2012; Mitchell and Popham, 2008).
The role of these aspects may vary considerably. While ageing can
have a negative effect on health through increased risks of some ill-
nesses such as mental health or cardiovascular diseases, obesitymay af-
fect gastric and respiratory functions as well as the cardiovascular
system. Active lifestyle can by itself generate improvements in a wide
range of health aspects, butwill also reduce the negative impacts related
with ageing and obesity, though it can have both positive and negative
impacts over the musculoskeletal system. Ageing, in any case, can be a
factor generating a decrease in physical activity. These aspects are re-
lated to green areas through different links. Active lifestyles can be con-
sidered a product of cultural ecosystem services, as it has been theorized
that aesthetically appealing environments may enhance the perfor-
mance of different activities (Richardson et al., 2013). The level of in-
volvement on active lifestyles can also be affected by air quality, as
contaminants may dissuade individuals from involving in physical ac-
tivity. The positive effect on health of senior citizens provided by the
fact of having a place for a stroll near their residence (Takano et al.,
2002) can be also regarded as an ecosystem service. Finally, the socialth implication Related
bibliography
ase in recreational walking and cycling, improved physical and
health
(Ellis et al., 2004)
pollutants and UHI effect (Rowe, 2011;
Santamouris, 2014)
ase in recreational walking and cycling, improved physical and
health
(Mansor et al.,
2012)
ase in recreation (Opperman et al.,
2009)
stress and potential for increase in recreational walking and
ved physical and psychological health
(Tyrväinen et al.,
2014)
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wellbeing, as active communication and preference of life in the same
community are related to survival rates among the elderly (Takano
et al., 2002).
All these aspects have been labelled as contextual factors, as changes
frombaseline levels affect health outcomes. Social, economic and demo-
graphic characteristics not only influence health, but also affect theway
in which green space interacts with it. The evolution of demographics,
as explained previously through the case of ageing population, may re-
quire a special focus. This may particularly be true for vulnerable socio-
economic groups, such as ageing populations and poorer groups, among
others (Finlay et al., 2015; Maas et al., 2009a).
Finally, following Martinez-Juarez et al. (2015a, 2015b), and as in-
troduced in Section 3.4, exposure is considered in the framework in
terms of active, consumptive and passive. As previously defined, active
exposure is dependent on the activities of the individual and may in-
volve the use of green spaces, for example, to walk or exercise. Apart
from physical activities, social activities may also be related to active
modes of exposure. In the analysis of the framework, a key role is
plaid by attitudes and beliefs of people in this context, which is strictly
linked with peoples' empowerment having the purpose of personal
growth. Consumptive exposure refers to the consumption of certain el-
ements produced or regulated by the natural ecosystem. Clean water
consumption and extraction of pharmacological products from the eco-
systems can be mentioned in this sense. Finally, passive exposure
(when active engagement is not required and potential benefits come
from the sole presence of green spaces, and climate regulation) is a
form of involvement in which the nature can improve health by its
mere presence. This classification is an added value to the eDPSEEA
model and it can help in identifying different types of values linked
with exposure, such as recreational or passive use values, which are
evaluated using different types of methods in the economic literature
(based on stated or revealed preferences).
5. Conclusions
The interlinkages between climate change, ecosystems and health
need to be properly understood in order to better plan adaptive re-
sponses and to ensure potential health co-benefits can be taken into
consideration in the design of adaptation measures, particularly where
nature-based solutions are being proposed. To date, promising evidence
of links between human health and green areas has been found. This ev-
idencewas the basis to develop a conceptual framework,whichwe con-
structed on the basis of the eDPSEEA framework, with the intent of
showing the pathways by which green areas interact with human
health. The eDPSEEA-based framework that we propose could help in
the development of improved empirical analysis, for example by serv-
ing as multidisciplinary platform for discussion among experts and
stakeholders. It could also help to identify which relations are more or
less covered in the literature and to identify key indicators (both quali-
tative and quantitative) in each cause-effect relation among elements in
the system. This analysis would support future research in providing a
basis for operationalising quantitative assessment andmodelling health
impacts from green areas using statistical approaches.
When analysing the literature, it becomes clear that some aspects
have been more thoroughly analysed than others. The implications of
this are that some evidence is not uniformly distributed across the
framework, which leads to another core for future research. The litera-
ture review on the relation between climate, green spaces and ecologi-
cal functioning from an ecosystem services perspective showed a well-
documented association. However, when looking at the specific health
impacts from exposure to green spaces (with a health-based perspec-
tive), evidence is mixed and not always clear. Even if most of the papers
show some degree of correlation between health improvement and the
environmental aspect analysed, positive and significant effects are not
found in all the aspects examined. The diversity of methodologies andmetrics used formeasuring exposure and health outcomes,makes it dif-
ficult to compare studies and implies an added difficulty in obtaining re-
sults that are adequate to be generalised through a quantitative meta-
analysis. Giving some uniformity in order to allow for a statistical anal-
ysis of the data described in the literature is another task requiring fur-
ther research.
Another important point is the role of contextual variableswhich are
rarely put into focus in the specific literature using the health-based
perspective, and when they have been, this has been done in an exclu-
sive way, not taking into account interacting variables. Similarly, re-
search is still needed on how variables such as physical activity, that
could be positively correlated with both green spaces and health, may
affect the overall relationship. The role of external aspects such as age-
ing, active lifestyle and diet, has been anothermajor point of the present
findings. These factors, that have themselves a big impact on health,
should be related to the study of the impact of natural ecosystems on
health. They are often risk factors in the appearance of NCDs, such as
the case of sedentary lifestyles or eating habits. This implies that analy-
sis of the health impacts of green spaces should incorporate these risk
factors in themost comprehensivemanner, while the analysis of the lit-
erature has shown that this is often a gap. As discussed in the frame-
work, role and implications of these contextual variables is a key issue
with a need for further research. Finally, the differing types of exposure
considered in this analysis have not either been intensively researched.
In our study we made an attempt to classify existing studies according
to the type of exposure (passive, consumptive or active), but future re-
search is needed to assess quantitatively the health benefits according
to the type of exposure.
Acknowledgements
Authors would like to acknowledge the support provided by two re-
search projects: Horizon 2020 research project INHERIT (INter-sectoral
Health and Environment Research for InnovaTion); and EU COST Action
IS1204: Tourism, Wellbeing and Ecosystem Services (TObeWELL).
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2018.03.323.
References
Alcock, I., White, M.P., Lovell, R., Higgins, S.L., Osborne, N.J., Husk, K., Wheeler, B.W., 2015.
What accounts for ‘England's green and pleasant land’? A panel data analysis of men-
tal health and land cover types in rural England. Landsc. Urban Plan. 142, 38–46.
Alfsen, C., Duval, A., Elmqvist, T., 2011. The urban landscape as a social-ecological system
for governance of ecosystem services. In: Niemelä, J. (Ed.), Urban Ecology— Patterns
Processes, and Applications. Oxford University Press, New York.
Almanza, E., Jerrett, M., Dunton, G., Seto, E., Pentz, M.A., 2012. A study of community de-
sign, greenness, and physical activity in children using satellite, GPS and accelerome-
ter data. Health Place 18:46–54. https://doi.org/10.1016/j.healthplace.2011.09.003.
Armson, D., Stringer, P., Ennos, A.R., 2013. The effect of street trees and amenity grass on
urban surface water runoff in Manchester, UK. Urban Forestry & Urban Greening 12,
282–286.
Bartens, J., Day, S.D., Harris, J.R., Dove, J.E., Wynn, T.M., 2008. Can Urban Tree Roots Im-
prove Infiltration through Compacted Subsoils for Stormwater Management? Journal
of Environmental Quality 37, 2048–2057.
Barton, J., Pretty, J., 2010.What is the best dose of nature and green exercise for improving
mental health? A multi-study analysis. Environ. Sci. Technol. 44:3947–3955. https://
doi.org/10.1021/es903183r.
Benito Garzón, M., Sánchez De Dios, R., Sainz Ollero, H., 2008. Effects of climate change on
the distribution of Iberian tree species. Appl. Veg. Sci. 11:169–178. https://doi.org/
10.3170/2008-7-18348.
Benmarhnia, T., Bailey, Z., Kaiser, D., Auger, N., King, N., Kaufman, J.S., 2016. A difference-
in-differences approach to assess the effect of a heat action plan on heat-relatedmor-
tality, and differences in effectiveness according to sex, age, and socioeconomic status
(Montreal, Quebec). Environ. Health Perspect. 124:1694–1699. https://doi.org/
10.1289/EHP203.
Bisgaard, H., Li, N., Bonnelykke, K., Chawes, B.L.K., Skov, T., Paludan-Muller, G., Stokholm,
J., Smith, B., Krogfelt, K.A., 2011. Reduced diversity of the intestinal microbiota during
infancy is associated with increased risk of allergic disease at school age. J. Allergy
Clin. Immunol. 128. https://doi.org/10.1016/j.jaci.2011.04.060.
1202 A. Chiabai et al. / Science of the Total Environment 635 (2018) 1191–1204Bowler, D.E., Buyung-Ali, L.M., Knight, T.M., Pullin, A.S., 2010. A systematic review of evi-
dence for the added benefits to health of exposure to natural environments. BMC
Public Health 10, 456. https://doi.org/10.1186/1471-2458-10-456.
Calfapietra, C., Fares, S., Manes, F., Morani, A., Sgrigna, G., Loreto, F., 2013. Role of biogenic
volatile organic compounds emitted by urban trees on ozone concentrations in cities:
a review. Environ. Pollut. 183, 71–80.
Cardinale, B.J., Duffy, J.E., Gonzalez, A., et al., 2012. Biodiversity loss and its impact on hu-
manity. Nature 486, 59–67.
Cariñanos, P., Casares-Porcel, M., 2011. Urban green zones and related pollen allergies: a
review. Guidelines for designing spaces of low allergy impact. Landsc. Urban Plan.
101:205–214. https://doi.org/10.1016/j. landurbplan.2011.03.006.
Carroll, B., Morbey, H., Balogh, R., Araoz, G., 2009. Flooded homes, broken bonds, the
meaning of home, psychological processes and their impact on psychological health
in a disaster. Health & Place 15, 540–547.
Carter, M., Horwitz, P., 2014. Beyond proximity: the importance of green space useability
to self-reported health. EcoHealth 11:322–332. https://doi.org/10.1007/s10393-014-
0952-9.
Claessens, J., Schram-Bijkerk, D., Dirven-van Breemen, L., Otte, P., van Wijnen, H., 2014.
The soil-water system as basis for a climate proof and healthy urban environment:
opportunities identified in a Dutch case-study. Sci. Total Environ. 485–486:
776–784. https://doi.org/10.1016/j.scitotenv.2014.02.120.
Clemente, J.C., Ursell, L.K., Parfrey, L.W., Knight, R., 2012. The impact of the gut microbiota
on human health: an integrative view. Cell 148:1258–1270. https://doi.org/10.1016/j.
cell.2012.01.035.
Cohen, D.A., Lapham, S., Evenson, K.R., Williamson, S., Golinelli, D., Ward, P., Hillier, A.,
McKenzie, T.L., 2013. Use of neighbourhood parks: does socio-economic status mat-
ter? A four-city study. Public Health 127:325–332. https://doi.org/10.1016/j.
puhe.2013.01.003.
Confalonieri, U., Menne, B., Akhtar, R., Ebi, K.L., Hauengue, M., Kovats, R.S., Revich, B.,
Woodward, A., 2007. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden,
P.J., Hanson, C.E. (Eds.), Human Health. Climate Change 2007: Impacts, Adaptation
and Vulnerability. Contribution ofWorking Group II to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cam-
bridge, UK, pp. 391–431.
Cusack, L., Larkin, A., Carozza, S., Hystad, P., 2017. Associations between residential green-
ness and birth outcomes across Texas. Environ. Res. 152:88–95. https://doi.org/
10.1016/j.envres.2016.10.003.
Dadvand, P., Bartoll, X., Basagaña, X., Dalmau-Bueno, A., Martinez, D., Ambros, A., Cirach,
M., Triguero-Mas, M., Gascon, M., Borrell, C., Nieuwenhuijsen, M.J., 2016. Green
spaces and general health: roles of mental health status, social support, and physical
activity. Environ. Int. 91:161–167. https://doi.org/10.1016/j.envint.2016.02.029.
Day, R., 2008. Local environments and older people's health: dimensions from a compar-
ative qualitative study in Scotland. Health Place 14:299–312. https://doi.org/10.1016/
j.healthplace.2007.07.001.
De Jong, K., Albin, M., Skärbäck, E., Grahn, P., Björk, J., 2012. Perceived green qualities were
associated with neighborhood satisfaction, physical activity, and general health: re-
sults from a cross-sectional study in suburban and rural Scania, southern Sweden.
Health Place 18:1374–1380. https://doi.org/10.1016/j.healthplace.2012.07.001.
Defra, 2017. UK Climate Change Risk Assessment 2017: Evidence Report. Defra, London.
Diaz, S., Fargione, J., Chapin, F.S., Tilman, D., 2006. Biodiversity loss threatens human well-
being. PLoS Biol. 4 (8), 1300–1305.
Doick, K.J., Peace, A., Hutchings, T.R., 2014. The role of one large greenspace in mitigating
London's nocturnal urban heat island. Sci. Total Environ. 493:662–671. https://doi.
org/10.1016/j.scitotenv.2014.06.048.
Dunstan, F., Fone, D.L., Glickman, M., Palmer, S., 2013. Objectively measured residential
environment and self-reported health: a multilevel analysis of UK census data. PLoS
One 8, e69045. https://doi.org/10.1371/journal.pone.0069045.
Edmondson, J.L., Stott, I., Davies, Z.G., Gaston, K.J., Leake, J.R., 2016. Soil surface tempera-
tures reveal moderation of the urban heat island effect by trees and shrubs. Scientific
reports 6.
Ellis, J.B., Deutsch, J.C., Mouchel, J.M., Scholes, L., Revitt, M.D., 2004. Multicriteria decision
approaches to support sustainable drainage options for the treatment of highway and
urban runoff. Sci. Total Environ. 334–335:251–260. https://doi.org/10.1016/j.
scitotenv.2004.04.066.
Elmqvist, T., Setälä, H., Handel, S.N., van der Ploeg, S., Aronson, J., Blignaut, J.N., Gómez-
Baggethun, E., Nowak, D.J., Kronenberg, J., De Groot, R., 2015. Benefits of restoring
ecosystem services in urban areas. Curr. Opin. Environ. Sustain. 14, 101–108.
Eriksson, M., Emmelin, M., 2013. What constitutes a health-enabling neighborhood? A
grounded theory situational analysis addressing the significance of social capital
and gender. Soc. Sci. Med. 97:112–123. https://doi.org/10.1016/j.
socscimed.2013.08.008.
Escobedo, F.J., Kroeger, T., Wagner, J.E., 2011. Urban forests and pollution mitigation: an-
alyzing ecosystem services and disservices. Environ. Pollut. 159, 2078–2087.
European Environment Agency, 2015. Climate Change and Human Health. EEA, Denmark
Available online at:. https://www.eea.europa.eu/signals/signals-2015/interviews/cli-
mate-change-and-human-health.
Fan, Y., Das, K.V., Chen, Q., 2011. Neighborhood green, social support, physical activity,
and stress: assessing the cumulative impact. Health Place 17:1202–1211. https://
doi.org/10.1016/j.healthplace.2011.08.008.
Fares, S., Paoletti, E., Calfapietra, C., Mikkelsen, T.N., Samson, R., Le Thiec, D., 2017. Carbon
Sequestration by Urban Trees. Springer, The Urban Forest.
Feyisa, G.L., Dons, K., Meilby, H., 2014. Efficiency of parks in mitigating urban heat island
effect: An example from Addis Ababa. Landscape and Urban Planning 123, 87–95.
Finlay, J., Franke, T., McKay, H., Sims-Gould, J., 2015. Therapeutic landscapes and
wellbeing in later life: impacts of blue and green spaces for older adults. Health
Place 34:97–106. https://doi.org/10.1016/j.healthplace.2015.05.001.Fleming, C.M., Manning, M., Ambrey, C.L., 2016. Crime, greenspace and life satisfaction: an
evaluation of the New Zealand experience. Landsc. Urban Plan. 149:1–10. https://doi.
org/10.1016/j.landurbplan.2015.12.014.
Gascon, M., Triguero-Mas, M., Martínez, D., Dadvand, P., Forns, J., Plasència, A.,
Nieuwenhuijsen, M.J., 2015. Mental health benefits of long-term exposure to residen-
tial green and blue spaces: a systematic review. Int J Environ Res Public Health 12,
4354–4379.
Gentry-Shields, J., Bartram, J., 2014. Human health and the water environment: using the
DPSEEA framework to identify the driving forces of disease. Sci. Total Environ.
468–469:306–314. https://doi.org/10.1016/j.scitotenv.2013.08.052.
Germann-Chiari, C., Seeland, K., 2004. Are urban green spaces optimally distributed to act
as places for social integration? Results of a geographical information system (GIS)
approach for urban forestry research. Forest Policy Econ. 6:3–13. https://doi.org/
10.1016/S1389-9341(02)00067-9.
Gidlow, C.J., Jones, M.V., Hurst, G., Masterson, D., Clark-Carter, D., Tarvainen, M.P., Smith,
G., Nieuwenhuijsen, M., 2016. Where to put your best foot forward: psycho-
physiological responses to walking in natural and urban environments. J. Environ.
Psychol. 45:22–29. https://doi.org/10.1016/j.jenvp.2015.11.003.
Giles-Corti, B., Broomhall, M.H., Knuiman, M., Collins, C., Douglas, K., Ng, K., Lange, A.,
Donovan, R.J., 2005. Increasing walking. Am. J. Prev. Med. 28:169–176. https://doi.
org/10.1016/j.amepre.2004.10.018.
Gordian, M.E., Ozkaynak, H., Xue, J., Morris, S.S., Spengler, J.D., 1996. Particulate air pollu-
tion and respiratory disease in Anchorage, Alaska. Environ. Health Perspect. 104,
290–297.
Graceson, A., Hare, M., Monaghan, J., Hall, N., 2013. The water retention capabilities of
growing media for green roofs. Ecol. Eng. 61:328–334. https://doi.org/10.1016/j.
ecoleng.2013.09.030.
Grant, R.H., Heisler, G.M., Gao, W., Jenks, M., 2003. Ultraviolet leaf reflectance of common
urban trees and the prediction of reflectance from leaf surface characteristics. Agric
For Meteorol 120, 127–139.
Grazuleviciene, R., Dedele, A., Danileviciute, A., Vencloviene, J., Grazulevicius, T.,
Andrusaityte, S., Uzdanaviciute, I., Nieuwenhuijsen, M.J., 2014. The influence of prox-
imity to city parks on blood pressure in early pregnancy. Int. J. Environ. Res. Public
Health 11:2958–2972. https://doi.org/10.3390/ijerph110302958.
Grazuleviciene, R., Vencloviene, J., Kubilius, R., Grizas, V., Dedele, A., Grazulevicius, T.,
Ceponiene, I., Tamuleviciute-Prasciene, E., Nieuwenhuijsen, M.J., Jones, M., Gidlow,
C., Grazuleviciene, R., Vencloviene, J., Kubilius, R., Grizas, V., Dedele, A.,
Grazulevicius, T., Ceponiene, I., Tamuleviciute-Prasciene, E., Nieuwenhuijsen, M.J.,
Jones, M., Gidlow, C., 2015. The effect of park and urban environments on coronary
artery disease patients: a randomized trial. Biomed. Res. Int. 2015:1–9. https://doi.
org/10.1155/2015/403012.
Gunawardena, K., Wells, M., Kershaw, T., 2017. Utilising green and bluespace to mitigate
urban heat island intensity. Science of the Total Environment 584, 1040–1055.
Haines, A., Patz, J.A., 2004. Health effects of climate change. JAMA 291 (1), 99–103.
Haines, A., Kovats, S., Campbell-Lendrum, D., Corvalan, C., 2006. Climate change and
human health: impacts, vulnerability and public health. Public Health 120 (7),
585–596.
Hajat, S., O'Connor, M., Kosatsky, 2010. Health effects of hot weather: from awareness to
risk factors to effective health protection. Lancet 375, 856–863.
Hames, D., Vardoulakis, S., 2012. Climate Change Risk Assessment for the Health Sector.
Defra, London.
Han, M.K., Huang, Y.J., Lipuma, J.J., Boushey, H.A., Boucher, R.C., Cookson, W.O., Curtis, J.L.,
Erb-Downward, J., Lynch, S.V., Sethi, S., Toews, G.B., Young, V.B., Wolfgang, M.C.,
Huffnagle, G.B., Martinez, F.J., 2012. Significance of the microbiome in obstructive
lung disease. Thorax 67:456–463. https://doi.org/10.1136/thoraxjnl-2011-201183.
Hanski, I., von Hertzen, L., Fyhrquist, N., Koskinen, K., Torppa, K., Laatikainen, T., Karisola, P.,
Auvinen, P., Paulin, L., Makela, M.J., Vartiainen, E., Kosunen, T.U., Alenius, H., Haahtela, T.,
2012. Environmental biodiversity, humanmicrobiota, and allergy are interrelated. Proc.
Natl. Acad. Sci. 109:8334–8339. https://doi.org/10.1073/pnas.1205624109.
Hansmann, R., Hug, S.-M.M., Seeland, K., 2007. Restoration and stress relief through phys-
ical activities in forests and parks. Urban For. Urban Green. 6:213–225. https://doi.
org/10.1016/j.ufug.2007.08.004.
Heaviside, C., Macintyre, H., Vardoulakis, S., 2017. The Urban Heat Island: implications for
health in a changing environment. Current environmental health reports 4, 296–305.
Hartig, T., Mitchell, R., de Vries, S., Frumkin, H., 2014. Nature and health. Annu Rev Public
Health 35:207–228. https://doi.org/10.1146/annurev-publhealth-032013-182443.
Henke, J.M., Petropoulos, G.P., 2013. A GIS-based exploration of the relationships between
human health, social deprivation and ecosystem services: the case ofWales, UK. Appl.
Geogr. 45:77–88. https://doi.org/10.1016/j.apgeog.2013.07.022.
Hiemstra, J.A., Saaroni, H., Amorim, J.H., 2017. The Urban Heat Island: Thermal Comfort
and the Role of Urban Greening. The Urban ForestSpringer.
Hoyo, M.M., Valiente, G.C., 2010. Turismo accesible, turismo para todos: la situación en
Cataluña y España. Cuad. Tur. 25, 25–44.
Hu, Z., Liebens, J., Rao, K.R., 2008. Linking stroke mortality with air pollution, income, and
greenness in northwest Florida: an ecological geographical study. Int. J. Health Geogr.
7:20. https://doi.org/10.1186/1476-072X-7-20.
Huffnagle, G.B., 2010. The microbiota and allergies/asthma. PLoS Pathog. 6:1–3. https://
doi.org/10.1371/journal.ppat.1000549.
Huynen, M.M.T.E., Martens, P., De Groot, R.S., 2004. Linkages between biodiversity loss
and human health: a global indicator analysis. Int. J. Environ. Health Res. 14:13–30.
https://doi.org/10.1080/09603120310001633895.
Kabisch, N., Van Den Bosch, M.A., 2017. Urban Green Spaces and the Potential for Health
Improvement and Environmental Justice in a Changing Climate. In: Kabisch, N., Korn,
H., Stadler, J., Bonn, A. (Eds.), Nature-Based Solutions to Climate Change Adaptation in
Urban Areas: Linkages between Science, Policy and Practice. Springer International Pub-
lishing, Cham.
1203A. Chiabai et al. / Science of the Total Environment 635 (2018) 1191–1204Kazmierczak, A., Cavan, G., 2011. Surface water flooding risk to urban communities: Anal-
ysis of vulnerability, hazard and exposure. Landscape and Urban Planning 103,
185–197.
Kerr, J.H., Fujiyama, H., Sugano, A., Okamura, T., Chang, M., Onouha, F., 2006. Psychological
responses to exercising in laboratory and natural environments. Psychol. Sport Exerc.
7:345–359. https://doi.org/10.1016/j.psychsport.2005.09.002.
Kjellström, T., Corvalán, C., 1995. Framework for the development of environmental
health indicators. World Health Stat. Q. 48, 144–154.
Knight, T., Price, S., Bowler, D., King, S., 2016. How effective is ‘greening’ of urban areas in re-
ducing human exposure to ground-level ozone concentrations, UV exposure and the
‘urban heat island effect’? A protocol to update a systematic review. Environ. Evid. 5, 3.
Lachowycz, K., Jones, A.P., 2014. Does walking explain associations between access to
greenspace and lower mortality? Soc. Sci. Med. 107:9–17. https://doi.org/10.1016/j.
socscimed.2014.02.023.
Li, Q., Otsuka, T., Kobayashi, M., Wakayama, Y., Inagaki, H., Katsumata, M., Hirata, Y., Li, Y.,
Hirata, K., Shimizu, T., Suzuki, H., Kawada, T., Kagawa, T., 2011. Acute effects of walk-
ing in forest environments on cardiovascular and metabolic parameters. Eur. J. Appl.
Physiol. 111:2845–2853. https://doi.org/10.1007/s00421-011-1918-z.
Li, M., Gu, S., Bi, P., Yang, J., Liu, Q., 2015. Heat waves and morbidity: current knowledge
and further direction—a comprehensive literature review. Int. J. Environ. Res. Public
Health https://doi.org/10.3390/ijerph120505256.
Litschke, T., Kuttler, W., 2008. On the reduction of urban particle concentration by
vegetation–a review. Meteorologische Zeitschrift 17, 229–240.
Liu, W., Chen, W., Peng, C., 2014. Assessing the effectiveness of green infrastructures on
urban flooding reduction: A community scale study. Ecological Modelling 291, 6–14.
Lovasi, G.S., Quinn, J.W., Neckerman, M., Perzanowski, M.S., Rundle, A., 2008. Children liv-
ing in areas with more street trees have lower prevalence of asthma. J. Epidemiol.
Community Health 62, 647–649.
Maas, J., van Dillen, S.M.E., Verheij, R.A., Groenewegen, P.P., 2009a. Social contacts as a
possible mechanism behind the relation between green space and health. Health
Place 15:586–595. https://doi.org/10.1016/j.healthplace.2008.09.006.
Maas, J., Verheij, R.A., de Vries, S., Spreeuwenberg, P., Schellevis, F.G., Groenewegen, P.P.,
2009b. Morbidity is related to a green living environment. J. Epidemiol. Community
Health 63:967–973. https://doi.org/10.1136/jech.2008.079038.
Mansor, M., Said, I., Mohamad, I., 2012. Experiential contacts with green infrastructure's
diversity and well-being of urban community. Procedia. Soc. Behav. Sci. 49:
257–267. https://doi.org/10.1016/j.sbspro.2012.07.024.
Martinez-Juarez, P., Chiabai, A., Gómez, S.Q., Taylor, T., 2015a. Ecosystems and human
health: towards a conceptual framework for assessing the co-benefits of climate
change adaptation (no. April 2015). BC3 Working Papers. Bilbao.
Martinez-Juarez, P., Chiabai, A., Taylor, T., Quiroga Gómez, S., 2015b. The impact of ecosys-
tems on human health and well-being: a critical review. J. Outdoor Recreat. Tour. 10:
63–69. https://doi.org/10.1016/j.jort.2015.06.008.
McCabe, S., Joldersma, T., Li, C., 2010. Understanding the benefits of social tourism: linking
participation to subjective well-being and quality of life. Int. J. Tour. Res. 12:761–773.
https://doi.org/10.1002/jtr.791.
McKenzie, K., Murray, A., Booth, T., 2013. Do urban environments increase the risk of anx-
iety, depression and psychosis? An epidemiological study. J. Affect. Disord. 150:
1019–1024. https://doi.org/10.1016/j.jad.2013.05.032.
McMichael, A.J., Woodruff, R.E., Hales, S., 2006. Climate change and human health: pres-
ent and future risks. Lancet 367, 859–869.
Millennium Ecosystem Assessment, 2005. Ecosystems and HumanWell-being: Synthesis,
Ecosystems. Island Press, Washington, DC https://doi.org/10.1196/annals.1439.003.
Min, K., Kim, H.-J., Kim, H.-J., Min, J., 2017. Parks and green areas and the risk for depres-
sion and suicidal indicators. Int. J. Public Health 0, 0. https://doi.org/10.1007/s00038-
017-0958-5.
Mitchell, R., Popham, F., 2008. Effect of exposure to natural environment on health in-
equalities: an observational population study. Lancet 372:1655–1660. https://doi.
org/10.1016/S0140-6736(08)61689-X.
Morris, G.P., Beck, S.A., Hanlon, P., Robertson, R., 2006. Getting strategic about the environ-
ment and health. Public Health 120:889–903. https://doi.org/10.1016/j.
puhe.2006.05.022.
Mytton, O.T., Townsend, N., Rutter, H., Foster, C., 2012. Green space and physical activity:
an observational study using Health Survey for England data. Health Place 18:
1034–1041. https://doi.org/10.1016/j.healthplace.2012.06.003.
Nowak, D.J., Hirabayashi, S., Bodine, A., Greenfield, E., 2014. Tree and forest effects on air
quality and human health in the United States. Environmental Pollution 193, 119–129.
Ohshima, H., Bartsch, H., 1994. Chronic infections and inflammatory processes as cancer
risk factors: possible role of nitric oxide in carcinogenesis. Mutat. Res. Mol. Mech. Mu-
tagen. 305:253–264. https://doi.org/10.1016/0027-5107(94)90245-3.
Opperman, J.J., Galloway, G.E., Fargione, J., Mount, J.F., Richter, B.D., Secchi, S., 2009. Sus-
tainable floodplains through large-scale reconnection to rivers. Science 80 (326):
1487–1488. https://doi.org/10.1126/science.1178256.
Pampalon, R., Martinez, J., Hamel, D., 2006. Does living in rural areas make a difference for
health in Québec? Health Place 12:421–435. https://doi.org/10.1016/j.
healthplace.2005.04.002.
Paranjothy, S., Gallacher, J., Amlôt, R., Rubin, G.J., Page, L., Baxter, T., Wight, J., Kirrage, D.,
Mcnaught, R., Sr, P., 2011. Psychosocial impact of the summer 2007 floods in England.
BMC Public Health 11, 145-145.
Pereira, G., Christian, H., Foster, S., Boruff, B.J., Bull, F., Knuiman, M., Giles-Corti, B., Martin,
K., Christian, H., Boruff, B.J., Knuiman, M., Giles-Corti, B., 2012. The association be-
tween neighborhood greenness and cardiovascular disease: an observational study.
BMC Public Health 12, 466. https://doi.org/10.1186/1471-2458-12-466.
Petroff, A., Mailliat, A., Amielh, M., Anselmet, F., 2008. Aerosol dry deposition on vegeta-
tive canopies. Part I: Review of present knowledge. Atmospheric Environment 42,
3625–3653.Pilkington, M., Walker, J., Maskill, R., Allott, T., Evans, M., 2015. Restoration of Blanket
bogs; flood risk reduction and other ecosystem benefits. Final report of the Making
Space for Water project: Moors for the Future Partnership, Edale.
Pope III, C.A., Burnett, R.T., Thun, M.J., Calle, E.E., Krewski, D., Ito, K., Thurston, G.D., 2002.
Lung cancer, cardiopulmonary mortality, and long-term exposure to fine particulate
air pollution. JAMA 287:1132. https://doi.org/10.1001/jama.287.9.1132.
Proctor, L.M., 2011. The human microbiome project in 2011 and beyond. Cell Host Mi-
crobe 10:287–291. https://doi.org/10.1016/j.chom.2011.10.001.
Prüss-Ustün, A., Wolf, J., Corvalán, C., Bos, R., Neira, M., 2016. Preventing Disease Through
Healthy Environments — A Global Assessment of the Burden of Disease From Envi-
ronmental Risks. https://doi.org/10.1590/S1413-41522007000200001.
Rao, M., George, L.A., Rosenstiel, T.N., Shandas, V., Dinno, A., 2014. Assessing the relation-
ship among urban trees, nitrogen dioxide, and respiratory health. Environmental Pol-
lution 194, 96–104.
Räsänen, J.V., Holopainen, T., Joutsensaari, J., Ndam, C., Pasanen, P., Rinnan, Å.,
Kivimäenpää, M., 2013. Effects of species-specific leaf characteristics and reduced
water availability on fine particle capture efficiency of trees. Environ. Pollut. 183:
64–70. https://doi.org/10.1016/j.envpol.2013.05.015.
Reis, S., Morris, G., Fleming, L.E., Beck, S., Taylor, T., White, M., Depledge, M.H., Steinle, S.,
Sabel, C.E., Cowie, H., Hurley, F., Dick, J.M.P., Smith, R.I., Austen, M., 2015. Integrating
health and environmental impact analysis. Public Health https://doi.org/10.1016/j.
puhe.2013.07.006.
Richardson, E.A., Pearce, J., Mitchell, R., Kingham, S., 2013. Role of physical activity in the
relationship between urban green space and health. Public Health 127:318–324.
https://doi.org/10.1016/j.puhe.2013.01.004.
Roe, J., Aspinall, P., 2011. The restorative benefits of walking in urban and rural settings in
adults with good and poor mental health. Health Place 17:103–113. https://doi.org/
10.1016/j.healthplace.2010.09.003.
Roe, J., Thompson, C., Aspinall, P., Brewer, M., Duff, E., Miller, D., Mitchell, R., Clow, A.,
2013. Green space and stress: evidence from cortisol measures in deprived urban
communities. Int. J. Environ. Res. Public Health 10:4086–4103. https://doi.org/
10.3390/ijerph10094086.
Rook, G.A., 2013. Regulation of the immune system by biodiversity from the natural envi-
ronment: an ecosystem service essential to health. Proc. Natl. Acad. Sci. 110:
18360–18367. https://doi.org/10.1073/pnas.1313731110.
Rook, G.A.W., Lowry, C.A., Raison, C.L., 2013. Microbial “Old Friends”, immunoregulation
and stress resilience. Evol. Med. Public Heal. 2013:46–64. https://doi.org/10.1093/
emph/eot004.
Rowe, D.B., 2011. Green roofs as a means of pollution abatement. Environ. Pollut. https://
doi.org/10.1016/j.envpol.2010.10.029.
Sæbø, A., Popek, R., Nawrot, B., Hanslin, H.M., Gawronska, H., Gawronski, S.W., 2012. Plant
species differences in particulate matter accumulation on leaf surfaces. Sci. Total En-
viron. 427–428:347–354. https://doi.org/10.1016/j.scitotenv.2012.03.084.
Salmond, J.A., Tadaki, M., Vardoulakis, S., Arbuthnott, K., Coutts, A., Demuzere, M., Dirks,
K.N., Heaviside, C., Lim, S., Macintyre, H., Mcinnes, R.N., Wheeler, B.W., 2016. Health
and climate related ecosystem services provided by street trees in the urban environ-
ment. Environ. Health 15:S36. https://doi.org/10.1186/s12940-016-0103-6.
Sanders, R.A., 1986. Urban vegetation impacts on the hydrology of Dayton, Ohio. Urban
Ecology 9, 361–376.
Santamouris, M., 2014. Cooling the cities — a review of reflective and green roof mitiga-
tion technologies to fight heat island and improve comfort in urban environments.
Sol. Energy 103:682–703. https://doi.org/10.1016/j.solener.2012.07.003.
Scully, D., Kremer, J., Meade, M.M., Graham, R., Dudgeon, K., 1998. Physical exercise and
psychological well being: a critical review. Br. J. Sports Med. 32:111–120. https://
doi.org/10.1136/bjsm.32.2.111.
Shanahan, D.F., Fuller, R.A., Bush, R., Lin, B.B., Gaston, K.J., 2015a. The health benefits of
urban nature: How much do we need. BioScience 65 (5), 476–485.
Shanahan, D.F., Lin, B.B., Bush, R., Gaston, K.J., Dean, J.H., Barber, E., Fuller, R.A., 2015b. To-
ward improved public health outcomes from urban nature. Am J Public Health 105
(3), 470–477.
Shanahan, D.F., Bush, R., Gaston, K.J., Lin, B.B., Dean, J., Barber, E., Fuller, R.A., 2016. Health
benefits from nature experiences depend on dose. Sci Rep 6:28551. https://doi.org/
10.1038/srep28551.
Smith, K.R., Woodward, A., Campbell-Lendrum, D., Chadee, D.D., Honda, Y., Liu, Q.,
Olwoch, J.M., Revich, B., Sauerborn, R., 2014. Human health: impacts, adaptation,
and co-benefits. In: Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea,
M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., Girma, B., Kissel,
E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White, L.L. (Eds.), Climate Change
2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group II to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 709–754.
Takano, T., Nakamura, K., Watanabe, M., 2002. Urban residential environments and senior
citizens' longevity in megacity areas: the importance of walkable green spaces.
J. Epidemiol. Community Health 56:913–918. https://doi.org/10.1136/jech.56.12.913.
Tamosiunas, A., Grazuleviciene, R., Luksiene, D., Dedele, A., Reklaitiene, R., Baceviciene, M.,
Vencloviene, J., Bernotiene, G., Radisauskas, R., Malinauskiene, V., Milinaviciene, E.,
Bobak, M., Peasey, A., Nieuwenhuijsen, M.J., 2014. Accessibility and use of urban
green spaces, and cardiovascular health: findings from a Kaunas cohort study. Envi-
ron. Health 13, 20. https://doi.org/10.1186/1476-069X-13-20.
Tobías, A., Armstrong, B., Gasparrini, A., Diaz, J., 2014. Effects of high summer tempera-
tures on mortality in 50 Spanish cities. Environ. Health 13, 48. https://doi.org/
10.1186/1476-069X-13-48.
Tyrväinen, L., Ojala, A., Korpela, K., Lanki, T., Tsunetsugu, Y., Kagawa, T., 2014. The influ-
ence of urban green environments on stress relief measures: a field experiment.
J. Environ. Psychol. 38:1–9. https://doi.org/10.1016/j.jenvp.2013.12.005.
1204 A. Chiabai et al. / Science of the Total Environment 635 (2018) 1191–1204Van Herzele, A., De Vries, S., 2012. Linking green space to health: a comparative study of
two urban neighbourhoods in Ghent, Belgium. Popul. Environ. 34:171–193. https://
doi.org/10.1007/s11111-011-0153-1.
Vardoulakis, S., Dear, K., Hajat, S., Heaviside, C., Eggen, B., 2014. Comparative assessment
of the effects of climate change on heat and cold related mortality in the UK and
Australia. Environ Health Perspect 122, 1285–1292.
Vignola, R., Locatelli, B., Martinez, C., Imbach, P., 2009. Ecosystem-based adaptation to cli-
mate change: what role for policy-makers, society and scientists? Mitig. Adapt.
Strateg. Glob. Chang. 14:691–696. https://doi.org/10.1007/s11027-009-9193-6.
de Vries, S., Verheij, R.A., Groenewegen, P.P., Spreeuwenberg, P., 2003. Natural environ-
ments— healthy environments? An exploratory analysis of the relationship between
greenspace and health. Environ. Plan. A 35:1717–1731. https://doi.org/10.1068/
a35111.
Wang, Y., Akbari, H., 2016. The effects of street tree planting on Urban Heat Islandmitiga-
tion in Montreal. Sustainable Cities and Society 27, 122–128.
Wang, L., Gong, H., Liao, W., Wang, Z., 2015. Accumulation of particles on the surface of
leaves during leaf expansion. Science of The Total Environment 532, 420–434.
Ward Thompson, C., 2011. Linking landscape and health: the recurring theme. Landsc.
Urban Plan. 99:187–195. https://doi.org/10.1016/j.landurbplan.2010.10.006.
Ward Thompson, C., Roe, J., Aspinall, P., Mitchell, R., Clow, A., Miller, D., 2012. More green
space is linked to less stress in deprived communities: evidence from salivary cortisol
patterns. Landsc. Urban Plan. 105:221–229. https://doi.org/10.1016/j.
landurbplan.2011.12.015.
Ward Thompson, C., Aspinall, P., Roe, J., 2014. Access to green space in disadvantaged
urban communities: evidence of salutogenic effects based on biomarker and self-
report measures of wellbeing. Procedia. Soc. Behav. Sci. 153:10–22. https://doi.org/
10.1016/j.sbspro.2014.10.036.
Warhurst, J.R., Parks, K.E., McCulloch, L., Hudson, M.D., 2014. Front gardens to car parks:
changes in garden permeability and effects on flood regulation. Sci. Total Environ.
485–486:329–339. https://doi.org/10.1016/j.scitotenv.2014.03.035.
Weerrakkody, U., Dover, J., Mitchell, P., Reiling, K., 2017. Particulate matter pollution cap-
ture by leaves of seventeen living wall species with special reference to rail traffic at a
metropolitan station. Urban For. Urban Green. 27, 173–186.
Wellington, E.M.H., Boxall, A.B.A., Cross, P., Feil, E.J., Gaze, W.H., Hawkey, P.M., Johnson-
Rollings, A.S., Jones, D.L., Lee, N.M., Otten, W., Thomas, C.M., Williams, A.P., 2013.
The role of the natural environment in the emergence of antibiotic resistance inGram-negative bacteria. Lancet Infect. Dis. https://doi.org/10.1016/S1473-3099(12)
70317-1.
Wendel, H.E.W., Downs, J.A., Mihelcic, J.R., 2011. Assessing equitable access to urban
green space: the role of engineered water infrastructure. Environ. Sci. Technol. 45:
6728–6734. https://doi.org/10.1021/es103949f.
Wheeler, B.W., Lovell, R., Higgins, S.L., White, M.P., Alcock, I., Osborne, N.J., Husk, K., Sabel,
C.E., Depledge, M.H., 2015. Beyond greenspace: an ecological study of population
general health and indicators of natural environment type and quality. Int. J. Health
Geogr. 14.
WHO, 2011. Health in the Green Economy — Health Co-benefits of Climate Change Miti-
gation (doi: 978 92 4 150291 7).
Witten, K., Hiscock, R., Pearce, J., Blakely, T., 2008. Neighbourhood access to open spaces
and the physical activity of residents: a national study. Prev. Med. (Baltim). 47:
299–303. https://doi.org/10.1016/j.ypmed.2008.04.010.
Wolf, T., Sanchez Martinez, G., Cheong, H.-K., Williams, E., Menne, B., 2014. Protecting
health from climate change in the WHO European region. Int. J. Environ. Res. Public
Health 11 (6):6265–6280. https://doi.org/10.3390/ijerph110606265.
Wood, L., Frank, L.D., Giles-Corti, B., 2010. Sense of community and its relationship with
walking and neighborhood design. Soc. Sci. Med. 70:1381–1390. https://doi.org/
10.1016/j.socscimed.2010.01.021.
Yang, F., Bao, Z.Y., Zhu, Z.J., 2011. An assessment of psychological noise reduction by land-
scape plants. Int. J. Environ. Res. Public Health 8:1032–1048. https://doi.org/10.3390/
ijerph8041032.
Yu, W., Vaneckova, P., Mengersen, K., Pan, X., Tong, S., 2010. Is the association between
temperature and mortality modified by age, gender and socio-economic status? Sci.
Total Environ. 408:3513–3518. https://doi.org/10.1016/j.scitotenv.2010.04.058.
Zellner, M., Massey, D., Minor, E., Gonzalez-Meler, M., 2016. Exploring the effects of green
infrastructure placement on neighborhood-level flooding via spatially explicit simu-
lations. Comput Environ Urban Syst 59, 116–128.
Zhang, B., Li, N.,Wang, S., 2015. Effect of urban green space changes on the role of rainwa-
ter runoff reduction in Beijing, China. Landsc Urban Plan 140, 8–16.
Zhao, M., Kong, Z.-H., Escobedo, F.J., Gao, J., 2010. Impacts of urban forests on offsetting
carbon emissions from industrial energy use in Hangzhou, China. Journal of Environ-
mental Management 91, 807–813.
